Despite .30 years of clinical use, the literature is still sparse when it comes to comparisons between percutaneous balloon compression (PBC) and percutaneous retrogasserian glycerol rhizolysis (PRGR) as treatments for trigeminal neuralgia. OBJECTIVE: To perform a retrospective cohort comparison between PBC and PRGR with regard to therapeutic effect, side effects, and complications. METHODS: Medical records and follow-up data from 124 primary PRGRs performed from 1986 to 2000 and 82 primary PBCs performed from 2000 to 2013 were reviewed. All patients had undergone clinical sensory testing and assessment of sensory thresholds. Analyses were performed to compare duration of pain relief, frequency of sensory disturbances, and side effects. RESULTS: Median duration of pain relief was 21 months after PRGR and 20 months after PBC. Both methods carried a high risk of hypesthesia/hypalgesia (P , .001) that was partly reversed with time. Decreased corneal sensibility was common after PRGR (P , .001) but not after PBC. Dysesthesia was more common after PRGR (23%) compared after PBC (4%; P , .001). Other side effects were noted but uncommon. CONCLUSION: PBC and PRGR are both effective as primary surgical treatment of trigeminal neuralgia. Both carry a risk of postoperative hypesthesia, but in this series, the side effect profile favored PBC. Furthermore, PBC is technically less challenging, whereas PRGR requires fewer resources. Between these 2 techniques, we propose PBC as the primary surgical technique for percutaneous treatment of trigeminal neuralgia on the basis of its lower incidence of dysesthesia, corneal hypesthesia, and technical failures.
S ince Harris
1 successfully attempted to treat trigeminal neuralgia (TN) by percutaneously injecting alcohol into the trigeminal ganglion in 1911, various percutaneous treatments for TN have been developed. 2 However, as with all surgery, the percutaneous techniques entail a certain risk of side effects, and the therapeutic effect often is not permanent. In the early 1980s, 2 percutaneous techniques were introduced with the hope of reducing side effects. In 1981, Håkanson 3 introduced the percutaneous retrogasserian glycerol rhizotomy (PRGR), and in 1983, Mullan and Lichtor 4 introduced the percutaneous balloon compression (PBC). Both techniques have since reached widespread use as routine procedures.
Despite .3 decades of clinical practice, only 2 clinical studies directly comparing PBC and PRGR for general TN have been published, 5, 6 and the literature still lacks a clinical comparison among substantial groups of comparable patients, leaving the choice between the 2 techniques without satisfactory evidence.
In Umeå, the senior author (A.T.B.) and colleagues have treated patients with TN, using PRGR as the standard percutaneous procedure between 1986 and 2000. Thereafter, the clinic switched to PBC to offer a procedure under general anesthesia, which is easier for patients to undergo. All patients were prospectively evaluated following the same protocol. In the present study, the objective is to compare PBC and PRGR in terms of pain relief and side effects in TN patients without previous surgical treatment.
METHOD Study Design
Prospectively and continuously collected data from 2 consecutive cohorts of patients with de novo treatments for TN, 1 earlier cohort of PRGR patients and 1 later cohort of PBC patients, were retrospectively reviewed.
Patient Population
All patients included in this study suffered from a painful sensation in the distribution area of 1 or several of the trigeminal nerve branches, with the typical triggerable shooting pain as the main component. Most patients had primary TN (TN type 1), whereas a few had secondary TN after multiple sclerosis (MS). 7 Indication for surgery was insufficient pain control or unacceptable side effects from medication. Microvascular decompression was the procedure of choice in patients who were reasonably young and healthy. Elderly or less healthy patients and patients with secondary TN were selected for a percutaneous procedure. These criteria have been consistent at our department since 1986. All patients in this analysis were surgically treated on the affected side for the first time to avoid bias from the fact that at our clinic PBC patients more commonly undergo retreatment than patients treated with PRGR. The operations were performed at the Umeå University Hospital in Umeå, Sweden, between 1986 and 2013 for a comparable number of years for each technique, which is the basis for the study size. The patients were subjected to continuous follow-up after surgery. Recruitment for this study was performed from 2013 to 2014, whereby all currently living patients who underwent a percutaneous de novo treatment during the study period were asked for an informed consent, and a presumed informed consent was used for the deceased patients.
Operative Techniques

PRGR Technique
In all but 12 patients, a freehand technique as described by Håkanson 3 and later modified by Bergenheim et al 8 was used for the procedure. The patients were awake and in a sitting position. A 22-gauge needle was inserted through the oval foramen using the Härtel trajectory aided by fluoroscopy. After obtaining spontaneous cerebrospinal fluid flow, cisternography was performed by injecting iohexol to verify a correct needle position within the Meckel cave. After the cistern was emptied, 0.20 to 0.35 mL anhydrous glycerol was injected, and the needle was withdrawn. The patient was then kept sitting for an hour with the head positioned according to which trigeminal branch was affected. In 12 cases, the needle positioning was performed stereotactically with the Laitinen 9 Trigeminus Stereoguide with or without cisternography.
PBC Procedure
The procedure was performed in the radiology suit on the basis of the original description by Mullan and Lichtor 4 and later by Bergenheim et al. 10 The patient was positioned in a supine position, sedated, and intubated. Local anesthetics were administered, and a 13-gauge needle with a semisharp stylet was inserted through a stab incision 2 to 3 cm lateral to the angle of the mouth. Using biplanar fluoroscopy, the needle was directed into the oval foramen. The stylet was removed, and a 4F Fogarty balloon catheter (Edwards Lifesciences, Irvine, California) was inserted 17 to 19 mm beyond the tip of the needle. When in place, the balloon was inflated with 0.3 to 0.8 mL iohexol at 300 mg/mL. The pressure was then held for 1.5 to 3 minutes before the contrast was aspirated, and the catheter and needle were withdrawn.
Clinical Evaluation and Follow-up
The patients were clinically evaluated in person before surgery, 1 to 3 days after surgery, and at an outpatient visit 3 to 6 months postoperatively. Trigeminal sensory function was evaluated on the pain side and contralaterally by testing for light touch, pinprick, and corneal reflex. The responses were ranked according to a 4-grade scale (normal, slightly decreased, severely decreased, and totally impaired). Sensory thresholds were quantitatively assessed for 6 sites on each side of the face with the use of a cutaneous electric stimulation technique, sensimetric testing.
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Side effects and pain relief were evaluated on the same occasions. In the pain-free patients, further follow-up was conducted by telephone, often for several years after surgery. A pain-free condition was defined as the patient being completely free, without medication, from trigeminal pain.
Statistical Analysis
Kaplan-Meier analyses with log-rank tests were performed to evaluate the long-term effects of PBC and PRGR. Patients were censored when free of pain at the last follow-up (including lost to follow-up). The sensimetric data were analyzed with paired t tests. Data from the sensibility tests were analyzed with the Wilcoxon signed-ranks test. Other side effects were with the Fisher exact test. Values of P , .05 were considered significant. Only available data were analyzed. Analyses were performed with IBM SPSS Statistics version 22.
Ethics
The study was approved by the Regional Ethical Review Board, Umeå (2013/76-31).
RESULTS
Participants
Eighty-three de novo patients receiving PCB and 129 receiving PRGRs were identified as possible participants. Eight of the latter procedures were aborted because of technical failures, ie, either a vasovagal reflex or, more commonly, a failure to verify correct needle positioning owing to an unsuccessful cisternography. One PBC and 5 PRGRs were excluded because of a lack of informed consent. Patient selection is presented in Figure 1 . Patient characteristics are presented in Table 1 .
Main Results
There was no significant difference between the pain-free time after PBC and after PRGR ( Figure 2 ). For PBC, the initial success rate was 82%, and the median pain-free time was 20 months. Thirty patients (37%) were free of pain at the last follow-up in this group. For PRGR, with technical failures excluded, the initial success rate was 85%, and the median pain-free time was 21 months, with 47 patients (38%) free of pain at the last follow-up. Eight procedures (6%) in the PRGR group were preceded by technically failed attempts at PRGR, whereas there were no technical failures in the PBC group. When technical failures were included, the median time to pain recurrence was 19 months in the PRGR group, but the difference compared with PBC was not significant (P = .07).
Further Analyses
Because the sex distribution between the compared groups was not equal, Kaplan-Meier analyses were performed to reveal whether this variable affected outcome. With PBC, the median time to recurrence was 18 months for men and 23 months for women (P = .54); with PRGR, the median time to recurrence was 12 and 23 months, respectively (P = .09). In a comparison of PBC and PRGR divided into male and female categories, the differences between the treatments were also not significant (P = .23 for men, P = .54 for women).
Results from sensimetric testing are presented in Figure 3 , and results from clinical examinations at the pain site and cornea are shown in Figure 4 . Sensibility data were not collected after technical failures; therefore, all patients analyzed in this respect have been subjected to either a glycerol injection or an inflated balloon. Comparing preoperative results with postoperative and late postoperative results revealed a statistically significant and lasting decrease in perception for all 3 modalities after PRGR. After PBC, the perceptions for touch and pinprick were initially significantly decreased but close to normal at late follow-up. Corneal sensibility was not significantly affected after PBC. The occurrences of other side effects are presented in Table 2 . Postoperative dysesthesia occurred more frequently after PRGR than after PBC. There were no cases of anesthesia dolorosa. The only severe case of dysesthesia occurred after PBC, secondarily to extensive postoperative herpetic eruptions demanding hospitalization.
DISCUSSION Key Results
We have compared 124 PRGRs with 82 PBCs performed on patients not previously operated on and selected for surgery using the same criteria to see how the results differ in terms of pain relief, side effects, and complications. No significant difference in painrelief was seen between the 2 techniques. There was, however, a 6% rate of aborted procedures in the PRGR group, mainly as a result of failure to verify correct cannula positioning with cisternography. It is the experience at our clinic that PRGR is technically more demanding compared with PBC, not least because patients are awake.
Limitations
Although the data for this study have been collected since 1986, the study design is retrospective. Whereas the indication for percutaneous surgery has not changed during this time, the senior author (A.T.B.) has been involved from the beginning, and the follow-up process has been highly standardized, the procedures reported were performed over a significant amount of time, which could influence the results. PBC also involves general anesthesia and PRGR requires patient cooperation, which might have influenced contraindications for the 2 groups. Furthermore, not all patients in this series were able or willing to participate in the clinical and sensimetric evaluations. The negative result on a possible difference in duration of pain relief between PRGR and PBC could indicate that the study size was too small. However, increasing the study size would also further increase the study period. The series for each technique included a learning curve.
Interpretation
To the best of our knowledge, this is the first study to compare PBC and PRGR as primary treatment when the indications were identical. Fraioli et al 6 compared all 3 percutaneous methods, i.e., PBC, PRGR and radiofrequency thermocoagulation, on 681 patients who underwent surgery between 1976 and 1986. They suggested PBC as the treatment of choice for most patients on the basis of good efficiency and low complication rates, but they also concluded that their results for PRGR were less successful than previously reported by others. Furthermore, they reported no actuarial analyses, and some of their patients had a history of previous surgical treatment. Kouzounias They reported no significant difference with median times to pain recurrence of 13 months for PRGR and 15 months for PBC. They proposed PRGR as a first-line percutaneous treatment in most cases mainly on the basis of a lower complication rate and the avoidance of general anesthesia. The indications for performing PRGR and PBC differed, and PBC was in most cases (92%) chosen for patients in whom previous surgical treatment had been unsuccessful or in whom TN had recurred. MS was also notably more common in the PBC group. It is therefore possible that this method was chosen for their patients who were more difficult to treat.
In 2012, Mallory et al 12 reported results from 69 PBCs and 67 PRGRs performed at the Mayo Clinic between 1997 and 2010 on patients with TN associated with MS. The criteria for selecting the patients for either of the 2 techniques were not reported. Freedom from pain without medication was achieved in 33%. Median time to pain recurrence, with or without medication, was 6 months. No significant difference in pain relief was seen between the techniques, but contrary to our results, there was a higher complication rate for PBC and there were no cases of dysesthesia after PRGR. Mohammad-Mohammadi et al 13 also recently reported results from a large series of patients with TN secondary to MS, comparing several surgical techniques. PBC and PRGR stood out as the upfront treatments that led to the longest pain relief, with a median of 29 months for PBC and 9 months for PRGR. PBC and PRGR have further been subjected to comparison in systematic reviews. In 2004, Lopez et al 14 reviewed all major surgical options for TN but concluded, with regard to PBC, that there were insufficient good-quality data to compare that technique with the others. Tatli et al, 15 on the other hand, found 2 publications on PBC and 2 on PRGR that met the criteria for their review. They concluded that PRGR has a higher recurrence rate than PBC. They did, however, opt to only include studies with a follow-up time of at least 5 years. This by far exceeds the median time to pain recurrence in many published series, and one could therefore expect a bias in favor of series with extraordinary successful results.
Although not statistically significant, women had a much longer duration of pain relief than men in our series of PRGR. Similar results have been reported by North et al. 16 After PBC, no notable difference in outcome correlated to sex was found. The female-tomale ratio in larger TN populations has been described as close to 2:1. 17, 18 This is a higher ratio of women than in our PRGR group; therefore, adjusting these results to the female-to-male ratio of the general TN population may have some impact on the presented overall results for PRGR.
The most common significant side effect of both PBC and PRGR is hypesthesia/hypalgesia. In fact, decreased sensory function has been shown to correlate with a proper surgical technique in PBC and with long-lasting pain relief in PRGR. [19] [20] [21] Overall, 82% of the preoperative clinical tests for light touch and pinprick were normal, but only 40% were normal postoperatively. At late follow-up, these tests were partially normalized, seemingly more so after PBC than after PRGR. From a diagnostic point of view, it is also interesting to note that not all patients diagnosed with TN had normal sensibility as required by the International Classification of Headache Disorders, Second Edition. 22 This classification, however, is currently under revision and will perhaps be adapted to the evidence in the literature that supports that a subset of patients with TN also have an associated sensory deficit. [23] [24] [25] [26] [27] [28] Almost a third of the patients who underwent PRGR had a seemingly persistent corneal hypesthesia compared with very few in the PBC group. Because of the topographical relation between the different trigeminal branches and the porus trigeminus in a sitting position, one could expect PRGR to be most effective on V3 and less effective on V1. However, this can be overcome by flexing the neck of the patient, as previously described by Bergenheim et al, 8 although perhaps at the cost of corneal sensory deficit. A very low frequency of corneal hypesthesia after PBC has also been reported by others. 14, 15 Dysesthesia is a known complication for both of these procedures, and compiled data have indicated rates of 8.3% to 17.8% for PRGR and 19.1% for PBC, but with declining rates for PBC as the technique has been refined with shorter compression times over the years. 5, 10, 14, 20, 29 We report a rate of 23% for PRGR and 4% for PBC. The rate of dysesthesia after PRGR was high, even though the vast majority were mild cases and generally a lot less troublesome for the patient than the TN. The only case of severe dysesthesia in this series was a result of a severe herpetic eruption after a PBC. The reported incidence of postoperative herpetic eruptions was comparable between the techniques at 3% to 4%. In our experience, however, most cases appear only after a few days, when the patients have left the hospital, and are not troublesome enough for patients to seek medical counsel. The incidence of mild herpetic eruptions might therefore be higher.
Chemical meningitis is rarely reported after PRGR, with an incidence of 0.12% to 1.7%. 20, [30] [31] [32] [33] [34] In our series, however, the rate was 3%. The mechanism behind this complication is not yet known. 20 Chemical meningitis has also been reported after PBC and radiofrequency rhizotomy but appears less frequently in the literature. 35, 36 Our experience indicates that chemical meningitis usually resolves quickly and without subsequent deficits. Even rarer but more troublesome are cases of bacterial meningitis, which have been reported after all 3 types of commonly performed percutaneous procedures. It has been suggested to result from a penetration of the buccal mucosa by the cannula, with an overall incidence of 0.15%. 20, 32, 34, [37] [38] [39] [40] [41] [42] [43] Diplopia after PBC has been reported, 12, 40, [44] [45] [46] [47] [48] [49] [50] [51] and a report on 6 patients (2 of whom are included in this study) by Bergenheim and Linderoth 44 focused on this complication. Although most often transient, it is, compared with PRGR, quite specific to PBC. It has been suggested to arise from a compression of preferentially the fourth cranial nerve.
Rare cases of mild subjective hearing loss after PBC have been reported by others. 37, 52 Two patients in our series of PBC noted this postoperatively. We also noted 2 previously reported cases of hearing loss after PRGR. 20 One possible reason could be surgical trauma to the motor fibers innervating the tensor tympani. In the case of PRGR, it is also possible that small amounts of glycerol overflowed into the posterior fossa, but the technique of flexing the patient's neck during surgery should prevent this event.
Masseter muscle weakness has been reported to be a common side effect after PBC, [52] [53] [54] but there was only 1 case of clinically significant masseter weakness in our series. Furthermore, we had no serious side effects, which is in line with current opinion that these procedures are generally safe if performed judiciously.
Generalizability
The limitations of this study, as described above, should be considered, not least of which is the time aspect. However, we believe that because the operative techniques and postoperative care have been kept standardized throughout the study period, both at our clinic and globally, the results should be applicable to future use of these techniques at other centers, especially when it comes to the more pronounced differences in side effects, complications, and technical failures. However, one has to be aware that the results from both techniques rely strongly on the skill of the surgeon.
CONCLUSION
We have compared 2 percutaneous methods, PRGR and PBC, for the treatment of TN. Throughout the years, we have had a consistent indication for those surgical options, and by limiting our study to review only primary surgical treatments, we believe that we have achieved a satisfactory comparison. We propose PBC over PRGR as the percutaneous technique of choice for the primary treatment of TN because of its pain-relieving effect similar to that of PRGR but with fewer side effects and complications, especially dysesthesia and corneal hypesthesia.
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